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5 PREPARATION OP IMMORTALIZED CELLS 

Cell lines have played an important role in the 
development of molecular and cellular biology, 
particularly in the elucidation of intracellular 

10 activities, the effects of extracellular molecules and 
cell-cell interactions. Cell lines are established 

stepwise by: explantation of tissue containing a 
heterogeneous cell population; separation of the cells; 
isolation of a cell clone; and culturing the cell clone so 

15 that the total cell number increases over several 
generations and the population is uniform in its lineage. 
Cell cultures may be started from primary tissue culture 
explants, where heterogeneous cell types separate or 
migrate from the tissue in liquid medium; or by enzyme 

20 digestion of a tissue, resulting in dispersed cell 
suspensions . 

Differentiation is the process of maturation of 
cells, it is a progressive and dynamic process, beginning 
with pluripotent stem cells and ending with terminally 

25 differentiated cells that progress no further down the 
cell lineage pathway. A cell's function, phenotype and 
growth characteristics are affected by the cell's degree 
of differentiation. 

Cells that can be continuously cultured are 

30 known as immortalized cells. Immortalized cells have 
advantages over non-immortalized cells because they can be 
cultured to provide large numbers of uniform cell 
populations. Immortalized cells are routinely used for 
understanding intracellular activities such as the 

35 replication and transcription of DNA, metabolic processes 
and drug metabolism. Investigation of cellular 
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transmembrane activities such as ligand-receptor 
interactions and signal transduction are facilitated by 
access to specific cell types. Immortalized cells are 
also useful in the development of an understanding of 
specific cell-cell interactions such as adhesion, invasion 
and contact inhibition* However, many cell types have 
remained difficult to isolate and continuously culture, 
such as cells of the osteoclast lineage, hematopoietic- 
CD34+ stem cells, mesenchymal stem cells, dendritic cells 
and other cell precursors that are at early stages of 
differentiation. In addition, many differentiated cells 
lose some of their differentiated properties in order to 
regain or retain the ability to proliferate. Thus many of 
the available cell lines that can be continuously cultured 
do not express the differentiation functions that make 
them valuable tools* 

One such cell type that has been difficult to 
immortalize is the dendritic cell, an antigen presenting 
cell, and its precursors that are at early stages of 
differentiation* Steinman et al., WO 93/20185, have 
disclosed methods for isolating primary dendritic cells 
and their precursors from tissue. Granucci et al., WO 
94/28113, and Paglia et al., J. Exp. Med. 178 :1893-1901. 
1993, have disclosed cell lines isolated from primary 
cultures and infected with retroviral vectors to 
immortalize the cells. 

Dendritic cells are the most potent antigen 
presenting cells (APCs) in the immune system. Dendritic 
cells sure the only cells that present antigen to, and 
activate, naive CD4 + T cells in vivo (Levin et al., J, 
Immunol . JJLl: 6742-6750 , 1993). Dendritic cells are found 
in primary and secondary lymphoid organs (e.g., thymus, 
lymph nodes, tonsils. Payer's patches, and spleen), as 
well as in non-lymphoid organs and tissues (e.g., heart, 
liver, lung, gut, and in the skin as epidermal Langerhans 
cells) . Dendritic cells are also prevalent in afferent 
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lymph, but are rare in blood. For reviews, see Steinman, 
Ann. Rey, Immunol, 2:271-296, 1991 and Knight et al., ^ 
Invest. Det-nnytpl, 9_9:33S-38S, 1992. 

Dendritic cells are thought to originate from a 
single hematopoietic progenitor cell. As progenitor cells 
begin the process of differentiation they migrate to 
selected tissue and/or organs, where they appear to 
undergo additional differentiation. if isolated from 
tissue, dendritic cells are immature; that is, the cells 
are not fully differentiated, are inefficient at antigen 
presentation, express low levels of MHC Class II molecules 
and do not stimulate proliferation of T-cells in an 
allogenic mixed leukocyte reaction (MLR) . However, when 
immature dendritic cells are exposed to foreign proteins, 
15 they become capable of taking up and presenting soluble 
antigen via newly synthesized MHC Class II molecules, and 
stimulataneously leave their tissue residence and migrate 
to lymph nodes and spleen. After migrating from the 
origin tissue, the dendritic cells are mature; that is, 
they exhibit high levels of MHC Class II, accessory and 
co-stimulatory molecules, as well as full APC function 
(Steinman, ibid., 1990 and Ibrahim et al., Immunol. Tnrt»y 
i£:lBl-i86, 1995). Antigen uptake and processing by 
dendritic cells are not well understood, however, because 
25 of the inability to isolate and culture sufficient numbers 
of homogeneous dendritic cells or dendritic precursor 
cells. 

Dendritic cells have been implicated as the 
primary causative cells in a number of different diseases 

30 that involve immune responses, including contact 
sensitivity, tumor immunity, HIV-1 infection and 
autoimmunity (e.g., Type I diabetes, multiple sclerosis 
and rheumatoid arthritis). These cells are believed to 
play a role in graft rejection, where cells from the 

35 allograft migrate into the lymphoid organs of the 
recipient and initiate a deleterious immune response. 
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Therefore, there remains a need in the art: for 
new methods to immortalize cells and establish cell lines 
that can be continuously cultured. There also remains a 
need for certain types of immortalized stem cells, 
5 precursor cells and fully differentiated cells that retain 
their differentiated properties while continuously being 
cultured* 

Smmwrv pf the invention 

10 It is an object of the present invention to 

provide methods for preparing immortalized cells from a 
tissue of a growth suppressor gene deficient animal. 

It is a further object of the invention to 
provide methods for preparing immortalized cells that 

15 express a set of differentiation markers not expressed by 
fibroblast cells* 

It is a further object of the invention to 
provide immortalized cells, including immortalized cells 
that express a set of differentiation markers not 

20 expressed by fibroblast cells* 

Another object of the present invention is to 
provide differentiated cells of a predetermined type, and 
immortalized cells that can be stimulated to differentiate 
into cells of the predetermined type. 

25 The methods of the present invention comprise 

the steps of culturing a tissue from a growth suppressor 
gene deficient animal in a medium; isolating component 
cells from the cultured tissue; assaying at least a 
portion of the isolated cells for expression of a set of 

30 differentiation markers characteristic of a cell-type of 
interest, to identify a subset of said isolated cells, 
wherein the set of markers is not expressed by fibroblast 
cells; and selectively culturing cells of said subset of 
cells to identify an immortalized cell population. Within 

35 one embodiment, the portion of the isolated cells is 
stimulated to differentiate prior to the step of assaying. 
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Within another embodiment, cells of the immortalized 
population are stimulated to differentiate to provide 
differentiated cells. 

Within one preferred embodiment the growth 
5 suppressor gene is p53. Within another preferred 

embodiment, the tissue is either bone marrow or calvarial 
bone. Within another preferred embodiment, the cells of 
the subset of isolated cells are either osteoclast 
precursors or osteoblast precursors. Within another 
10 embodiment the set of differentiation markers is selected 
from the group consisting of TRAP and calcitonin receptor; 
ALP, osteocalcin and PTH receptor; cardiac myosin isozyme 
and cardiac specific creatine kinase isozyme; myosin 
isozyme and muscle specific creatine kinase isozyme; 
15 aggrecan and collagen Type IIB; mpl receptor and acetyl 
choline esterase; insulin; glucagon and glucagon-like 
polypeptide; somatostatin; triglyceride and perilipin; 
non-specific esterase (NSE) and Mac-l; and albumin, liver- 
specific glucokinase, liver-specific pyruvate kinase and 
20 liver isozyme of glycogen synthase. 

Within a related aspect of the invention, 
immortalized cells prepared by the methods disclosed above 
are provided. in one embodiment the cells are selected 
from the groups consisting of osteoclast precursors, 
25 osteoblast precursors, cardiac muscle precursor cells, 
skeletal muscle precursor cells, chondrocyte precursors, 
megakaryocytes, pancreatic a-cell precursors, pancreatic 
P-cell precursors, adipocyte precursors, macrophages , 
dendritic cells and hepatocyte precursors. Within another 
embodiment, cells are selected from the group consisting 
of osteoclasts, osteoblasts, pancreatic a-cells, 
pancreatic 0-cells, pancreatic 5-cells, adipocytes, 
chondrocytes, macrophages, dendritic cells and 
hepatocytes . 

35 It is another object of the present invention to 

provide an immortalized dendritic cell. The dendritic 
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cells have been deposited at the American Type Culture 
Collection as JAWS IX. 

It is a further object of the present invention 
to provide a dendritic cell that is induced to become an 
activated dendritic cell* In one embodiment, the 

dendritic cell is activated using a factor selected from 
the group consisting of a) tumor necrosis factor-a 
(TNF-a) ; (b) interferon-y (IFN-y) ; (c) granulocyte 
macrophage colony-stimulating factor (GM-CSF) ; (d) 
interleukin-4 (IL-4) ; and (e) a combination of (a) , (b) , 
(c) or (d). 

Another object of the present invention provides 
for methods for assaying antigen-specific responder cell 
stimulation comprising activating the dendritic cells, 
exposing the activated cells to an exogenous antigen, 
thereby producing antigen-presenting stimulator cells and 
measuring activation of the responder cells. In one 
embodiment, the responder cells are naive or primed T 
cells. In another embodiment, the activation of the 
responder cells is determined by measuring responder cell 
proliferation. In another embodiment, the proliferation 
of the antigen-presenting stimulator cells is inhibited 
prior to the step of combining with the responder cells. 
In another embodiment, the proliferation of the antigen- 
presenting stimulator cells is inhibited by exposure to 
y irradiation or mitomycin C. 

In another aspect, the present invention 
provides for methods for obtaining a dendritic cells that 
expresses a heterologous MHC class II protein at the cell 
surface comprising transfecting the dendritic cells with a 
polynucleotide encoding a heterologous MHC class II 
protein and selecting a subset of the dendritic cells that 
expresses the heterologous MHC class II protein at the 
cell surface, thereby forming selected MHC class II- 
specific dendritic cells. In another embodiment, the 
methods comprise the step of eliminating from the 
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dendritic cell genome any region the encodes endogenous 
MHC class II molecules. in another embodiment, the 
methods provide activated the selected MHC class II- 
specific dendritic cells. In another embodiment, the 
methods comprise before, during or after the step of 
activating, blocking endogenous MHC class II protein 
expressed by the selected MHC class Il-specific dendritic 
cells. in another embodiment, after activation, the 
methods comprise exposing the selected MHC class II- 
specific dendritic cells to an exogenous antigen, thereby 
producing selected MHC class Il-specific antigen- 
presenting stimulator cells with responder cells and 
measuring the stimulation of the responder cells. m 
another embodiment, the responder cells are T lymphocytes. 
In another embodiment, the exogenous antigen is a self or 
non-self antigen that is involved in a T lymphocyte- 
mediated response. in another embodiment, the exogenous 
antigen is an autoantigen. In another embodiment, the 
exogenous antigen is GAD and the heterologous MHC class II 
protein is an MHC molecule associated with diabetes. 

These and other aspects of the invention will 
become evident upon reference to the following 
description. 

Brief DescrinHnn Qf t h< > n^yjngfr 

The Figure illustrates that allogeneic T cells 
are stimulated to proliferate when exposed to activated 
JAWS II cells. The stimulation of the allogeneic T cells 
is highest when JAWS II is induced with THF-a, IFN-y, and 
IL-4 (JAWS++), but still was present in JAWS II cells 
induced with TNF-a and IFN-y (JAWS+) and JAWS II induced 
with TNF-a alone (JAWS-). Syngeneic BALB/c dendritic 
cells, used as a negative control, did not stimulate 
proliferation of the BALB/c T cells. 
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Detailed Description <?t the Invention 

Prior to describing the present invention in 
detail, it may be helpful to define certain terms used 
> herein: 

Immature dendritic cell: A dendritic cell that 
expresses low levels of MHC class II, but is capable of 
endocytosing antigenic proteins and processing them for 
presentation in a complex with MHC class II molecules. 

) Activated dendritic cell; A more mature 

dendritic cell that expresses high levels of MHC class II, 
ICAM-1 and B7-2, and is capable of stimulating the 
proliferation of naive allogeneic T cells in a mixed 
leukocyte reaction (MLR) . 

5 As noted above, the present invention provides 

methods for preparing immortalized cells. The methods 
comprise the steps of culturing a tissue from a growth 
suppressor gene deficient animal in a medium; isolating 
component cells from the cultured tissue; assaying at 

0 least a portion of the isolated cells for expression of a 
set of differentiation markers characteristic of a cell 
type of interest to identify a subset of said isolated 
cells, wherein the set of differentiation markers is not 
expressed by fibroblast cells; and selectively culturing 

5 cells of said subset of cells, wherein said subset of 
cells is immortalized. 

The present invention provides methods of 
obtaining immortalized cell lines and differentiated cells 
from a variety of animals, including mammals, birds, fish, 

0 insects, reptiles and amphibians. Of particular interest 
are mammals, including primates; laboratory animals such 
as rats, mice, rabbits and dogs; and livestock animals 
such as horses, cows, swine and fowl. 

Cells that can be continuously cultured and do 

5 not die after a limited number of cell generations are 
known as M immortalized. " A cell that survives for only 20 
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to 80 population doublings is considered finite (Freshney, 
Cu l ture of Animal TpIIr , Wiley-Liss, NY, 1994, herein 
incorporated by reference) , and a cell that survives more 
than 80, preferably at least 100, cell generations is 
considered immortalized. 

Immortalization may be associated with 
transformation, implying increased tumor igenicity and 
significant changes in phenotype, but cells may be 
immortalized without being turaorigenic. The altered 
ability to be continuously cultured may be due to, for 
example, a deletion or mutation in one or more of the 
genes whose products play a role in cell senescence, or 
overexpression or mutation of one or more oncogenes that 
override the action of the senescence genes. Expression 
IS of genes that result in positive signals c or cell 
proliferation include SV40 large T antigen (Line et al., 
E xp, gel) Rffi i 121:1-7, 1990) , polyoma large T antigen 
(Ogris et al.. Oncogene fi: 1277-1283 , 1993), idenovirus E1A 

(Braithwaite et al., z. Virol. 45: 192-199, 1983), myc 

20 oncogene (Khoobyarian et al., Virus Res. 10:113-128, 

1993) , and the E7 gene of papilloma virus Type 16 
(McDougall, Curr. Top. Mlcrohioi. T Tnm,m ff ] , i££: 101-119, 

1994) . 

One group of senescence genes is the tumor or 
25 growth suppressor genes. These genes are negative 
regulators of cell proliferation. Inactivation of growth 
suppressor genes is generally associated with 
transformation of cells and often results in tumor 
formation in vivo. included in this senescence gene group 
30 are p53, RB, NF1, pl6 and DCC genes (Marshall, cell 
£1:313-326, 1991). 

Animals that are "growth suppressor gene 
deficient" include those animals that are homozygous for a 
mutation in a growth suppressor gene, resulting in lack of 
35 expression of a functional growth suppressor gene product. 
Such mutations may arise spontaneously or be introduced. 
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Growth suppressor gene deficient animals , such as mice and 
other species, may be produced, for example, by a process 
called homologous recombination, in which a mutated DNA 
sequence seeks its complement on a chromosome and then 
5 recombines to replace a portion of the native allele 
(Baribault et al. , Mol. Biol. Med. 6:481-492, 1989 and 
Bernstein et al., Mol. Biol. Med. 4:523-530, 1989). 

Briefly, a DNA sequence encoding a growth 
suppressor gene is modified to prevent expression of a 

10 functional gene product. For example, internal stop 
codons, deletions, frameshifts or some other modification 
that would terminate translation can be introduced into 
the DNA sequence of the growth suppressor gene along with 
a selectable marker. The modified sequence is transfected 

15 into embryonic stem cells, and transfected clones 
identified by selective pressure are screened to identify 
those cells that have incorporated the modified gene by 
homologous recombination. The cells containing the 
modified DNA sequence are implanted into blastocytes, 

20 which are subsequently injected into the uteri of 
pseudopregnant female mice, and the resulting chimeric 
animals are subjected to a series of back crosses to 
identify animals that are homozygous for the modified gene 
(Robertson, Biol, of Reoroduc. 44:238-245. 1991). In the 

25 alternative, growth suppressor gene deficient animals can 
be obtained commercially, for example, from DNX 
(Princeton, NJ) , GenPharm International (Mountain View, 
CA) and The Jackson Laboratory (Bar Harbor, ME) • When an 
animal contains a growth suppressor gene deficiency that 

30 prevents the expression of a growth suppressor gene 
product, it is referred to as a "knockout" animal. 

Growth suppressor genes include RB (Horowitz et 
al., Proc. Natl. Acad. Sci. USA 22:2775-2779, 1990 and 
Hansen et al.. Trends Genet. £:125-128 1988), NF1 (Cawthon 

35 et al.. Cell £2:193-201, 1990), pl6 (Marx, Science 
2£4.:1846, 1994) and p53 genes (Nigro et al., Nature 
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211:705-708, 1989). Other growth suppressor genes may, 
however, be altered to produce animals with growth 
suppressor gene mutations (Hiti, Molec. Cell, Biol. 
4722-4730, 1989; Gallie, J. c*n. »^>w>ffl, 12:215-222, 
5 1986; Alt et al., Cold Sor. Harb. fixn np. Quant. Bim. 
51:931-942, 1986; Malcolm, Molec. Med T 1:79-84 1984; all 
herein incorporated by reference) . A particularly 

preferred growth suppressor gene is p53. The 
physiological role for p53 appears to be in regulation of 
10 the cell cycle. While the precise function of the p53 
protein has not been elucidated, it is thought to interact 
with the large T antigen and possibly be a transact ivator 
of transcription (Donehower et al.. Nature 356 :215-221 f 
1992). Mutations in p53 have been correlated with 
15 increased tumorigenicity, and particularly with lung 
carcinomas, osteosarcomas and lymphoid tumors (Lavigueur 
et al., Mol. Cell. Biol. q ; 3QR^qqi 1989). 

In the methods of the present invention a tissue 
is excised from a growth suppressor gene deficient animal 
20 and placed in a culture medium. Tissue is a composite of 
heterogeneous cell populations. Examples of tissues 
include bone marrow, bone, skeletal and cardiac muscle, 
pancreas, brain and liver. Tissues usually consist of a 
mixture of tissue specific cell-types as well as cells 
25 found in many tissues, such as fibroblasts. 

Component cells are isolated from tissue samples 
by plating cells at a density sufficiently low that 
colonies grow from a single cell. When necessary, the 
tissue is disrupted according to conventional enzymatic or 
30 mechanical methods to separate component cells. Cell 
populations originated from a single cell are referred to 
as clonal colonies or clonal cell populations. 

Methods of isolating cells from tissue are known 
in the art. See, for example, Methods m Molecul^ Biol.- 
35 Aniffiftl Cell Culture, £, Pollard et al. eds., Humana Press, 
NJ, 1990, which is incorporated herein by reference. For 
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example, osteoclasts, macrophages, and dendritic cells and 
their precursors may be isolated from bone marrow (for a 
review, see, for example, Dexter et al., in Long-Term Bone 
Marrow Culture : 57-96 . Alan R. Liss, 1984). Bone marrow is 
5 extracted from a sacrificed animal by dissecting out the 
femur, removing soft tissue from the bone and cutting off 
the epiphyses (cortical ends) • The bone marrow is removed 
with a needle and syringe or flushed out with an isotonic 
solution. The marrow cells are plated at a low density 

10 into petri dishes and allowed to attach to the surface of 
the dish. Clonal colonies are picked and replica plated 
for continuous culturing and characterization. 

Bone marrow contains several different cell 
types of the myeloid lineage. Therefore, cells may be 

15 identified morphologically. For example, immature 

dendritic cells in one or more phases of their development 
are loosely adherent to plastic, flattening out with a 
stellate shape. Cells have a single, rounded nucleus and 
lack the large granular organelles apparent in 

20 macrophages. Frequently, projections are observed 

protruding from both the adherent and nonadherent cells. 
Higher magnification reveals a "veiled" morphology. 

Cells of the osteoblast lineage may be isolated 
from bone. Methods for isolating osteoblasts from bone 

25 are known in the art (see, for example, Aubin et al. , J. 
of Cell Biol. £2:452-461, 1982). One method of isolation 
uses calvarial bone. The calvaria is excised, rinsed in a 
medium and minced with scissors. The minced bone is 
digested with collagenase for a short period of time in 

30 medium. The cells are removed by centrifugation and 
decanting the supernatant, leaving the bone pieces behind. 
Fetal calf serum is added to inhibit the collagenase 
digestion. Cells are plated at a low density in an 
appropriate growth medium, and clonal cell colonies are 

35 cultured in replicate for continuous culture and 
characterization. The collagenase-treated calvaria can 
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also be placed in culture dishes, and osteoblast cells 
will migrate or "crawl" out from the bone (Robey et al. 
Calcified Tiss. Internal 12:453-460, 1985). Osteoblasts 
may also be removed from cancellous bone. For example, 
5 femurs are excised from an animal, marrow is expressed, 
and the bone is placed in an isotonic solution. The 
femurs are rinsed several times to remove any remaining 
marrow and soft tissue. The bones are crushed and 
digested with collagenase as described previously. 

10 Pancreatic a, b and d cells may be isolated by 

excision of the pancreas and dissociation of individual 
cells with collagenase or trypsin digestion (Lacy et al. 
pjqbeteg 1£:35, 1967 and Gotoh et al. Transplantation 
A£:437-438, 1985). Methods for the extraction of 

15 adipocytes using collagenase (Rodbell, J. Biol. chem. 
22£:375-380, 1974), isolation of skeletal muscle (Yaffe et 

al - Peyelpp, BiQlr 11:300-317, 1965), cardiac muscle 

(Wolleben et al. Am. J- Phvsiol. ££2;E673-E678 , 1987) and 
hepatocytes (Seglen, J. Toxicol. Envir on. Health . 5:551- 

20 560, 1979) are known in the art. Stem cells can also be 
isolated, and include CD34+ cells, non-human species 
hematopoietic stem cell equivalents (Heimfeld et al., 

fflaiXa XSE* Microbiol . Immunol . 122=95-105, 1994 and 

Spangrude et al. filssfl, 24:1395-1402, 1991) and embryonic 

25 stem cells (Robertson, ibid., 1991). Dendritic cells may 
isolated, for example, from bone marrow, spleen and skin 
(Steinman et al., WO 93/20185, O'Doherty et al. J. Exp. 
Mfid^ 128:1067-1078, 1993 and Paglia et al., J. Exp. Med. 
US.: 1893-1901, 1993). 

30 The selection of culture medium is determined by 

the cells to be isolated and is a matter of routine 
experimental design and within the ordinary skill in the 
«"t. At a minimum, culture media contain a carbon source, 
a nitrogen source, essential amino acids, vitamins and 

35 minerals. Media may also contain such components as 
growth factors or serum, as required. A preferred growth 
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medium for osteoclasts contains a— MEM ( JRH, Lexena, KS) , a 
modified MEM (Eagle, Science 130 :432, 1959) without 
ribonucleosides or deoxyribonucleosides, fetal calf serum 
fractionated on a lysine sepharose column to remove the 

5 plasminogen, L-glutamine and sodium pyruvate. In another 
embodiment, the growth medium contains a— MEM (JRH, Lexena, 
KS) , 15% fetal calf serum, L-glutamine and sodium pyruvate 
and supports the growth of osteoblasts* Certain cell 
types, for instance, cells of the hematopoietic lineage 

0 may require growth factors, such as granulocyte-macrophage 
colony-stimulating factor (GM-CSF) for growth and/or 
differentiation to fully activated cells. 

A preferred growth medium for the dendritic 
cells of the present invention contains a-MEM (JRH, 

5 Lenexa, KS) , a modified MEM (Eagle, Science 130 :432 . 1959) 
without ribonucleosides or deoxyribonucleosides, but 
containing 5-15% fetal calf serum, L-glutamine, sodium 
pyruvate, and granulocyte-macrophage colony stimulating 
factor (GM-CSF) . GM-CSF should be added in concentrations 

0 of about 1-2000 U/ml, with a preferred range of 500-1000 
U/ml. Other factors known to stimulate growth of 

dendritic cells may be included in the culture medium. 
Some factors will have different effects that are 
dependent upon the stage of differentiation of the cells, 

5 which can be monitored by testing for differentiation 
markers specific for the cell's stage in the 
differentiation pathway. It is preferred to have GM-CSF 
present in the medium throughout culturing. Other factors 
that may be desirable to add to the culture medium 

10 include, but are not limited to: granulocyte colony- 
stimulating factor (G-CSF; preferably at about 25-300 
U/ml) , monocyte-macrophage colony-stimulating factor (M- 
CSF; preferably at about 100-1000 U/ml) , IL-la (preferably 
at about 1-100 LAF units/ml) , IL-lp (preferably at about 

15 1-100 LAF units/ml), IL-3 (preferably at about 25-500 
U/ml) , IL-6 (preferably at about 10-100 ng/ml) , stem cell 
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factor (SCF; preferably at about 10-100 ng/ml) and 
thrombopoietin (TPO; preferably at about 1000-10,000 
U/ml) • When activated dendritic cells are cultured, the 
medium will preferably include TNF-ct (5-500 U/ml, with a 
5 preferred range of about 50 U/ml), XL-4 (0.1-10 ng/ml, 
preferably 10 ng/ml) and interferon-? (25-500 U/ml, with a 
preferred range of about 100 U/ml) . 

The dendritic cell line of the present 
invention, through the course of continuous culturing, 
10 allows for growth and expression of immature dendritic 
cell functions, possibly through the expression of 
autocrine stimulatory factors, eliminating the need for 
addition of some or all exogenous growth factors to the 
growth medium. Because autocrine stimulatory factors are 
15 present in the medium conditioned by the cells of the 
present invention, this medium may be used to stimulate 
the growth of other dendritic cells. 

Additional methods for selective growth of 
specific cell types include varying the substrate for cell 
20 attachment or selective detachment after exposure to 
trypsin or collagenase (Po linger, Exp, Cell ^, 62:78-82, 
1970; Owens et al., J. Natl. Cancer Tn.Ht, 51:261-269, 
1974; Milo et al., In Vitro l$:20-30, 1980; Lasfargues, 
"Human Mammary Tumors 11 , in Kruse et al. (eds) Tissue 

25 CMl^Wfe — Methods — aj^ Application*. Academic Press, NY, 

1973; Paul, Cell and Tissue Culfnrp Churchill Livingston, 
Edinburgh, 1975) . 

Once a clonal population of cells has been 
established from the component cells of a tissue, at least 
a portion of the isolated cells from each clone is assayed 
and analyzed for a set of differentiation markers that are 
characteristic of the cell-type of interest . 

A set of differentiation markers is defined as 
one or more phenotypic properties that can be identified 
35 and are specific to a particular cell type. 
Differentiation markers are transiently exhibited at 
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various stages of cell lineage. Pluripotent stem cells 
that can regenerate without commitment to a lineage 
express a set of differentiation markers that are lost 
when commitment to a cell lineage is made. Precursor 

5 cells express a set of differentiation markers that may or 
may not continue to be expressed as the cells progress 
down the cell lineage pathway toward maturation. 
Differentiation markers that are expressed exclusively by 
mature cells are usually functional properties such as 

10 cell products, enzymes to produce cell products and 
receptors. In one preferred embodiment the set of 
differentiation markers is selected from the group 
consisting of tartrate-resistant acid phosphatase (TRAP) 
and calcitonin receptor (Suda et al., Endocrine Rev. 

15 12:66-80, 1992); alkaline phosphatase (ALP) (Murthy et al. 

Calcif. Tissue Int. 22:185-190, 1986), osteocalcin (Rodan 
et al., Crit. Rev. Eukaryot. Gene Exor. 1:85-98, 1991) and 
parathyroid hormone (PTH) receptor (Aubin et al. J* of 
Cell Biol. 2£:452-461, 1982); cardiac myosin isozyme 

20 expression, creatine kinase isozyme expression and insulin 
and insulin-like growth factor receptors I (Wolleben et 
al. ibid.); myosin isozyme expression and a cardiac 
specific pattern of creatine kinase isozyme expression 
(Yaffe et al. Develop. Biol. 15:33-50, 1967 and Richler et 

25 al. Develop. Biol. 22:1-22, 1970); myosin isozyme 
expression and a muscle specific pattern of creatine 
kinase isozyme expression (I and II) (Vaffe et al. 
Develop. Biol. 11:300-317, 1965; Yaffe et al. Develop. 
Biol. IS: 33-50, 1967 and Richler et al. Develop. pjQl- 

30 22^1-22, 1970); aggrecan (Doege et al. J. Biol- Chem. 
266 :894-902. 1991) and collagen Type IIB (Sandell et al. 
J. cell Biol. 114 :1307-1319. 1991); mpl receptor (Souyri 
et al., Cell 63 : 1137-1147, 1990) and acetyl choline 
esterase (Ravid et al., J. Cell. Biol. 122: 1545-1553, 

35 1993); insulin (Powers et al., Diabetes 22: 406-414, 
1990); glucagon and glucagon-like polypeptide (Lacy et al. 
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ibid., Gotoh et al. ibid, and Hamaguchi et al. Diabetes 
l£:842-849, 1991); somatostatin (Williams et al. 
Somatostatin and Pancreatic Polypeptide in International 
Textbook of Diabetes MelHt-ns . Albert! et al., eds., 
5 1992); triglyceride and perilipin (Greenberg et al. 

B i P l . Chem. 266(17) : 11341-11346, 1991 and Greenberg et al. 

PXfit, — Hail* — Acad, Set. 9JLL2A1: 12035-12039, 1993); Ly-6C 

and Mac-1 (McCormack et al. J. Immunol. 251:6389-6398, 
1993 and Gordon et al. Current Ooin. in Tmnmr.rO 4 f251 :25- 

10 32, 1992) and non-specific esterase (NSE; Yam et al., 
Ajner. J. CUn T pathr 5_£:283, 1971); and albumin, liver- 
specific glucokinase, liver-specific pyruvate kinase and 
the liver isozyme of glycogen synthase (Miller et al. J. 
£i&L» — Cftem, £6^:785-790, 1986 and Magnuson, Diabetes 39: 

15 523-527, 1990). 

TRAP and calcitonin receptor identified in the 
same cell or clonal population of cells are markers for 
osteoclasts; ALP, osteocalcin and PTH receptor identified 
together in a cell or clonal population of cells are 
markers of differentiation for osteoblasts. Cardiac 
myosin isozyme expression and the cardiac specific pattern 
of creatine kinase isozyme expression when identified 
together are markers for cardiac muscles cells; myosin 
isozyme expression and a muscle-specific pattern of 
creatine kinase isozyme expression when identified in a 
cell or clonal population are markers for skeletal muscle 
cells; aggrecan and collagen Type IIB identified together 
are markers for chondrocytes; mpl receptor and acetyl 
choline esterase are r rkers for megakaryocytes; insulin 
production is a marker of differentiation for pancreatic 
b-cells; glucagon and glucagon-like polypeptide are 
markers for pancreatic a-cells; somatostatin is a marker 
for pancreatic 6-cells; triglyceride and perilipin are 
markers for adipocytes; USE and Hac-l are markers of 
35 differentiation for monocytic lineage cells that include 
macrophage and osteoclast precursor cells; and albumin, 
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liver-specific glucokinase, liver-specific pyruvate kinase 
and the liver isozyme of glycogen synthase are markers for 
hepatocytes . 

Differentiation markers used for identifying 
5 dendritic cells include: Mac-1, F4/80, FcyRII/III receptor 
(FcR) , MHC class I, MHC class II, B7-1, B7-2, ICAM-1, 
CD44, N418, and NLDC-145. 

In immature dendritic cells, F4/80 (Lee et al. 
J. Exp. Med. 161 .475. 1985) and FcR (Unkeless, J- Exp. 

10 Med. 150 : 580. 1979) are detectable, but at levels lower 
than seen in a phenotypically macrophage cell using 
monoclonal antibodies that bind F4/80 (Caltag, San 
Fransisco, CA) and 2 . 4G2 for FcR (PharMingen, San Diego, 
CA) ; MHC class I is detectable using the monoclonal 

15 antibody EH144.3 (Geier et al., J, Immunol. JJLZ:1239, 
1986) ; MHC class II is detectable only at low levels using 
the monoclonal antibody AF6-120.1 (PharMingen); B7-1 and 
B7-2 are detectable at low levels (Nabavi et al.. Nature 
360 :266. 1992 and Hathcock et al., Science ££2:905, 1993, 

20 respectively) , using monoclonal antibodies IG10 
(PharMingen) and GLl (PharMingen) ; ICAM-1 (Rothlein et 
al*, J - Immunol . 137 :1270. 1986) using monoclonal antibody 
3E2 (PharMingen) and CD44 (Lesley et al., Immunooenetics 
i5:313, 1982) using monoclonal antibody IM7 (PharMingen); 

25 are detectable at high levels, and at least one of the 
dendritic cell markers CD 11c (Metaly et al., J . Exp . Med . 
171 :1753. 1990) using the monoclonal antibody N418, or DC- 
205 (Kraal et al., J. Exp. Med. l£3.:981, 1986) using the 
monoclonal antibodies NLDC-145 (Accurate Chem. and 

30 Scientific, Westbury, NY) and 33D1 (Nussenzweig et al., 
Proc. Natl. Acad. Sci. USA. 2£:161, 1982) should be 
detectable. The skilled practioner would recognize that 
not all of these differentiation markers may be present 
and that expression levels may vary* 

35 In activated dendritic cells, high levels of MHC 

class II are detectable, B7-2 and ICAM-1 are expressed at 
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higher levels, and F4/80 is expressed at lower levels than 
seen in immature dendritic cells. 

Identification of a set of differentiation 
markers is dependent upon the specific marker (s) . For 
example, TRAP (Janckila et al. Am. J. cUn x,^ hfTl 
1978, incorporated herein by reference), ALP (Goldberg et 
al. Mature. lfi2:297, 1962, incorporated herein by 
reference) and NSE (Yam et al., ibid, and Brown, B. in 

Hemato l ogy; Principle* an a ^ ^ 1 rr ^.,^_. nn Lea and 

Febiger, Philadelphia, 1984, both incorporated herein by 
reference) activities are identified by cells metabolizing 
a stain, whereas insulin, glucagon and somatostatin can be 
identified using immunocytochemistry where protein 
expression is detected using labeled antibodies (Radvanyi 
15 6t a1 -' M<? 1 ' Wl- P1"1 ^ 4223-4233, 1993, incorporated 
herean by reference); calcitonin and PTH receptors can be 
identified by binding assays using a radiolabeled ligand 
and assays for cAMP (Aubin et al., J. cell m ni . ^. 452 _ 
461, 1982 and Nicholson et al., j. eiin. Tww -« ■ ^ 355 . 
360, 1986, both incorporated herein by reference); and 
Mac-1 is identified using conjugated antibodies against 
the cell-surface antigen (Springer et al. Eur. j. t^t, 
2:301-306, 1979, incorporated herein by reference). 

Analyses of the cell's surface using monoclonal 
antibodies are made using a FACScan flow cytometer. For 
dendritic cell analysis, see. for example. Fink et al., ^ 
Exp, M efl t 176 11733, 1992 and Crowley et al., cellule 
114*108-125, 1989. Briefly, the cells are either 
stained with the monoclonal antibodies directly conjugated 
to fluorochromes or with unconjugated primary antibody and 
subsequently stained with commercially available secondary 
antibodies conjugated to fluorochromes. The stained cells 
are analyzed using a FACScan (Becton Dickinson, Mountain 
View, CA) using LYSYS II or Cell Quest software (Becton 
35 Dickinson) . 
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Identification of activated dendritic cells is 
confirmed by the cells 1 ability to stimulate the 
proliferation of allogeneic T cells in a MLR. Briefly, 
activated dendritic cells are incubated with allogeneic T 
5 cells in a 96-vell microtiter dish (American Scientific 
Products, Chicago, IL) • Stimulation of the T cells to 
proliferate is measured by incorporation of 3 H-thymidine. 
It is preferred to expose the dendritic cells of the 
present invention to irradiation to slow the proliferation 
10 of the dendritic cells and reduce background in the assay 
caused by incorporation of 3 H-thymidine by the dendritic 
cells. 

In addition, Mac-1 is a marker of 
differentiation for monocytic lineage cells that include 

15 dendritic cells, macrophage and osteoclast precursor cells 
(HacCormack et al. , J. Immunol. 151 ; 6389-6398 . 1993, and 

Gordon et al., Current Qpin, in Immunol . 412£1: 25-32, 

1992) . Thus, the Mac-1 marker may be indicative of a 
dendritic cell precursor. The cell line of the present 

20 invention expresses Mac-l, but at levels lower than 
expected for a typical macrophage cell. 

After a subset of cells expressing a set of 
markers of interest is identified, a portion of the subset 
is passaged for at least 80 cell generations, preferably 

25 100 cell generations, to establish that the cells are 
immortalized. Cells not used to establish that the cell 
line is immortal and can be passaged for the requisite 
number of cell generations, may be stored for later use 
using conventional methods well known to those ordinarily 

30 skilled in the art. For example, cells may be frozen in 
growth medium or serum with 15% dimethylsulf oxide (DMSO) 
added at a temperature of at least -80°c or lower, 
preferably -135°C. 

Immortalized cells can be stimulated to 

35 differentiate and to provide differentiated cells such as 
osteoblasts, osteoclasts, pancreatic a-cells, pancreatic 
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p-cells, pancreatic 5-cells, adipocytes, macrophages, 
chondrocytes, dendritic cells and hepatocytes. 
Differentiation is induced by exposing the 
undifferentiated stem cells or precursor cells to factors 
5 that are specific to a particular cell type. For example, 
osteoclasts are stimulated to differentiate by exposure to 
vitamin D and dexamethasone . Osteoblasts are induced to 
differentiate by exposure to retinoic acid, TGF-p or bone 
morphogenic proteins (BMP) . 
10 Immortalized precursor and immature dendritic 

cells can be stimulated to differentiate and to provide 
activated dendritic cells. Differentiation is induced by 
exposing the undifferentiated stem cells, precursor cells 
or immature dendritic cells to factors that are specific 
15 to a cell's stage in the differentiation pathway. For 
example, dendritic cells can be exposed to GM-CSF, TNF-a, 
1L-4 and/or interferon-y (Scheicher et al., J. Immunol 
Met h' 151:253, 1992; Caux et al., Nature 26JJ: 258-261, 
1992; Reid et al., J . Immunol 111:2681-2688, 1992; Lutz 
20 et al., £. — Immunol , — Fteth. 124:269-279, 1994; Knight et 
a1 *' Jt Invest f permafrnl. SS:33S-3BS, 1992; and Aiello et 

a1 *' «L Iiwmnol t 2A±: 2572-2581, 1990) to induce 

differentiation in dendritic cells from immature cells to 
activated dendritic cells. 
25 ° nce a " immortalized cell line has been 

established, genetic material from the cells may be used 
to construct cDNA libraries. Methods for preparing cDNA 
libraries are well known in the art. See, for example, 
sambrook et al. MQlecular Cloning; A t,abor- a i-o™ M^, n1 
30 2nd ed.. Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NY, i 98 9 and Ausabel et al., eds. Current 
Prptpcpls i n Molecular Bloln T y r John Wiley and Sons, Inc. 
NY, 1987. By selecting cells at various stages of 
differentiation the biological functions that are 
35 associated with a specific stage in the differentiation 
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pathway may be identified once a cDNA library is prepared 
from that cell's mRNA* 

The libraries may be used to clone novel factors 
produced by specific cell types that include 
5 differentiation factors, growth hormones and other 
cytokines* For example, osteoblasts can be used to 
isolate factors that are involved in osteoclast 
regulation, fracture repair, calcium homeostasis, 
mineralization and extracellular matrix deposition. 

10 Cells prepared by the methods of the present 

invention may also be used to prepare a protein library. 
A protein library is complementary to the cDNA library. 
Amino acid sequence information obtained from the protein 
library enables rapid isolation of cDNAs encoding proteins 

15 of interest. The use of protein sequence data to design 
primers for DNA isolation eliminates problems arising in 
conventional library preparation methods due to relative 
mRNA abundance. Coupling of protein and cDNA libraries 
also facilitates the targeted cloning of sequences of 

20 particular interest. A protein library is prepared by 
extracting protein (total proteins or fractions of 
interest) from cells according to known methods, then 
separating the proteins by two-dimensional gel 
electrophoresis. Isolated proteins are then subjected to 

25 In situ tryptic digestion followed by separation by micro- 
bore HPLC. The separated fragments are then analyzed by 
mass spectrometry. The resulting mass profile is searched 
against a protein sequence data base to infer protein 
identity. Unidentified peptides can be sequenced by Edman 

30 degradation* The resulting cDNA and protein libraries are 
valuable sources of new proteins and the sequences 
encoding them* 

The cells of the present invention may also be 
used for screening agonists and antagonists of compounds 

35 and factors that affect the various metabolic pathways of 
a specific cell* For example, cells of the osteoclast 
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lineage may be used to screen for molecules that inhibit 
osteoclast growth or differentiation or inhibit bone 
resorption itself. In addition, the cells of the present 
invention may be used to generate antibodies for cell- 
5 specific proteins, elucidate the interactions between cell 
types and cell matrix components and may be used for 
expressing foreign genes. For example, antibodies to 
cell-surface markers may be generated and used to purify a 
subpopulation from a heterogenous population of cells 
10 using a cell sorting system. Using membrane fragments 
from cells of the present invention, monoclonal antibodies 
are produced according to methods known in the art (Kohler 
et al. fiatUEe £5£: 495, 1975; Eur. J. Tmmiinm &: 511-519, 
1976) and Hurrell, J.G.R., ed. , Monoclona 1 Hvbr i ^ 
15 Antibodies: Techniques and Applic^|n n Cr C RC Press Inc., 
Boca Raton, FL, 1982) and screened using a variety of cell 
lines to identify antibodies that display cell 
specificity. In addition, cell specific monoclonal 

antibodies can be used to purify cell-surface markers and 
20 identify their function. Stem cells and precursor cells 
can be marked, for example, using b-galactosidase, and 
their ontogeny followed in heterogenous cell and nutrient 
environments . 

Because dendritic cells can take up, process and 
25 present exogenous antigen (including proteins, 
glycoproteins and peptides), these cells are valuable 
tools that can be used to identify dominant epitopes of a 
particular antigen. Such epitope mapping can be attempted 
by repeated testing with large numbers of defined 
30 synthetic peptides, but this process is inefficient, 
tedious, and not necessarily a mimic of natural antigen 
processing by antigen presenting cells. The dendritic 
cells described and claimed herein will naturally process 
and present exogenous protein, permitting epitope mapping 
35 studies that better mimic the in vivo, natural process. 
At present, the only means available for epitope mapping 
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of naturally processed antigen are EBV-trans formed B cells 
(which are inefficient at taking up (i.e. , endocytosing) 
and processing proteins, and are limited to peptide 
processing and presentation) and peripheral blood 
5 mononuclear cells (PBMNs; a heterogeneous population 
including B and T lymphocytes, monocytes and dendritic 
cells) . 

Moreover, the dendritic cells herein can be used 

to stimulate naive T cells, as well as primed T cells* 
10 This characteristic is unique to dendritic cells, and thus 

is not available through use of EBV-trans formed B cells, 

for instance. 

The dendritic cells of the present invention can 

be advantageously used in antigen-specific lymphocyte 
15 activation assays. To generate activated dendritic cells, 

it is preferred that activators be incubated with immature 

dendritic cells for about 1 to 48 hours, most preferably 3 

hours. 

The dendritic cells are activated to induce 

20 expression of MHC class II molecules on the cell surface, 
making these mature dendritic cells competent for antigen 
processing and presentation. These activated cells (i.e., 
stimulators) are then exposed to antigen for a time 
sufficient for antigen presentation. One skilled in the 

25 art would recognize that the time required for 
endocytosis, processing and presentation of antigen is 
dependent upon the proteinaceous antigen being used for 
this purpose. Methods for measuring antigen uptake and 
presentation are known in the art. For example, dendritic 

30 cells can be incubated with a soluble protein antigen 
(e.g., ovalbumin or con album in) for 3-24 hours then washed 
to remove exogenous antigen. 

These antigen-presenting stimulator cells are 
then mixed with responder cells, preferably naive or 

35 primed T lymphocytes. After an approximately 72 hour 
incubation (for primed T lymphocytes) or approximately 4-7 
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day period (for naive T lymphocytes), the activation of T 
cells in response to the processed and presented antigen 
is measured. in a preferred embodiment, T cell activation 
is determined by measuring T cell proliferation using 3h- 
5 thymidine uptake (Crowley et al., J. i^moi. Mfth , 
121: 55-66, 1990). The responder cells in this regard can 
be PBMN cells, cultured T cells, established T cell lines 
or hybridomas. Responder cell activation can be measured 
by the production of cytokines, such as IL-2, or by 
10 determining T cell-specific activation markers. Cytokine 
production can be assayed by the testing the ability of 
the stimulator + responder cell culture supernatant to 
stimulate growth of cytokine-dependent cells. T cell- 
specific activation markers may be detected using 
15 antibodies specific for such markers. 

For T cell proliferation assays, it is preferred 
to inhibit the proliferation of dendritic cells prior to 
mixing with T responder cells. This inhibition may be 
achieved by exposure to gamma irradiation or to an anti- 
20 mitotic agent, such as mitomycin C. 

Alternatively, activated dendritic cells can be 
used to induce non-responsiveness in T lymphocytes. in 
addition to MHC class II recognition, T cell activation 
requires co-receptors on the antigen-presenting cell (APC; 
25 e.g., dendritic cell) that have been stimulated with co- 
stimulatory molecules. By blocking or eliminating 
stimulation of such co-receptors (for instance, by 
blocking with anti-receptor or anti-ligand antibodies, or 
by "knocking out" the gene(s) encoding such receptors), 
presentation of antigen by co-receptor-deficient dendritic 
cells can be used to render T lymphocytes non-responsive 
to antigen. 

For some applications, it is preferable to 
genetically manipulate the dendritic cells so that they 
overexpress MHC class II molecules at their surface. 
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In yet: another embodiment, the dendritic cells 
of the present invention can be transfected with a 
polynucleotide encoding a heterologous protein involved in 
antigen presentation to responder cell6. In a preferred 
5 embodiment, the dendritic cells are transfected with a 
polynucleotide encoding a selected MHC class II molecule 
of interest. Any MHC class II molecule of mammalian 
origin may be used in this regard, with MHC class II 
molecules associated with a particular disease preferred. 

10 Human MHC class II molecules associated with autoimmune 
diseases, and especially those associated with diabetes 
(e.g., DR4 , DR3 , DQ2 and DQ8) , are particularly preferred. 
It is also preferred that endogenous MHC class II 
molecules are blocked or eliminated, thereby providing an 

15 APC cell that expresses or overexpresses only one type of 
MHC class II on its surface. Blocking may be achieved 
using antibodies directed against endogenous MHC class II; 
however, heterodimers of endogenous and heterologous MHC 
class II chains may not be blocked and may provide 

20 anomalous results. More preferably, . the coding region for 
endogenous MHC class II is eliminated, such as by gene 
disruption by means of homologous recombination. 

For instance, dendritic cells of the present 
invention can be transfected with a polynucleotide 

25 encoding human DR4. The genes encoding endogenous MHC 
class II molecules (i.e., I -A and I-E) are eliminated by 
homologous recombination, so that only human DR4 can be 
expressed by the transfected cells. These DR4 -expressing 
dendritic cells are activated to induce cell surface 

30 expression of DR4, and exposed to exogenous glutamic acid 
decarboxylase (GAD) antigen. After a time sufficient for 
natural antigen endocytosis, processing and presentation, 
the antigen-presenting, transfected cells are combined 
with responder cells. In a preferred embodiment, these 

35 responder cells are PBMN cells obtained from patients with 
diabetes. 
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At this point, the responder T cells can be 
selectively amplified and/or stimulated, thereby producing 
a subset of T cells that are specific for GAD and 
restricted by the DR4 allele. For instance, DR4- 
5 expressing T cells may be selected by flow cytometry, and 
particularly by fluorescence activated cell sorting. This 
subset of DR4-restricted T cells can be maintained by 
repetitive stimulation with DR4 -expressing dendritic cells 
presenting GAD antigen. Alternatively, T cell clones can 
10 be established from this T cell subset. Further ,this 
subset of T cells can be used to map GAD epitopes, and to 
define relevant GAD peptides that are presented by DR4 on 
the APC. 

Alternatively, MHC class II molecules identified 
15 in model systems of autoimmune disease may be further 
studied by transfecting a polypeptide encoding the 
disease-associated MHC class II molecules into the 
dendritic cells. For instance, a polynucleotide encoding 
I-A97 MHC class II molecules of NOD mice, a model system 
20 for insulin-dependent diabetes mellitus (IDDM) , can be 
transfected into the dendritic cells. such I-A9? 

expressing dendritic cell may be a useful research 
reagent, particularly because this APC is homogeneous and 
provides "off the shelf" availability. Further, an I-A9? 
25 expressing dendritic cell can be used in conjunction with 
dendritic cells transfected with human diabetes-related 
MHC class II molecules, to better identify the strengths 
and limitations of the model system. 

The dendritic cells of the present invention 
30 also provide a stable, reproducible, relatively 
homogeneous population of cells that can be cultured and 
obtained in significant numbers. The low frequency of 
dendritic cells in mononuclear cell preparations has 
prevented extensive molecular, biochemical and 
physiological study of this unique type of APC. The 
claimed cell line permits, for the first time, an 
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examination of molecules, including polynucleotides and 
proteins, that may be uniquely expressed in dendritic 
cells. More particularly, these dendritic cells will 
permit identification and analyses of genes, proteins, 
5 metabolic and proteolytic processes, as well as other 
molecules and processes, that enable dendritic cells to be 
such potent APCs* The molecules and processes involved in 
endocytosis are of interest, since dendritic cells are 
particularly effective at taking up exogenous antigen, 

10 The molecules and processes involved in antigen processing 
are also of interest, since dendritic cells are uniquely 
able to process exogenous antigen for presentation. 
Related cell components and their interaction with 
molecules and processes involved in antigen uptake, 

15 processing and presentation can also be dissected. For 
instance, these dendritic cells can be used to examine one 
or a set of co-stimulatory molecules, and to determine 
whether unique properties or interactions of these co- 
stimulatory molecules contribute to the superior antigen 

20 processing and presenting characteristics of dendritic 
cells. Likewise, other components that play a role in 
cellular immunology (for instance, DM genes and invariant 
chain) may be analyzed in this setting. Furthermore, this 
homogeneous dendritic cell line can be used as an 

25 immunogen to identify lineage-specific markers for 
dendritic cells. 

The invention is illustrated by the following, 
non-limiting examples. 

30 Example I — Preparation of an Osteoclast Precursor Cell 
Line 

A. Harvesting cells from p53 knockout mice 

Three male p53 knockout mice homozygous were 

purchased from GenPharm (Mountain View, CA) • The mice 

35 were approximately five weeks old. The mice were 

sacrificed by cervical dislocation and swabbed with 
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ethanol. The skin was removed from the animals and the 
femurs dissected out. In a sterile environment, the soft 
tissue was removed from the bone and the cortical ends cut 
off, leaving the long bone portion of the femur. Bone 
5 marrow was removed from the femur long bone by forcefully 
expressing the marrow from the medullary cavity using a 26 
gauge needle and 10 cc syringe. 

The bone marrow was placed in a centrifuge tube 
in several milliliters of growth medium (Table 1) and spun 
10 in a Beckman TJ-6 centrifuge (Beckman Instruments, Palo 
Alto, CA) at 3,000 rpm for 5 minutes. The cells were 
resuspended in growth medium, counted and plated at a 
density of l x 10* cells/ml in multiple 10-cm culture 
dishes (American Scientific Products, Chicago, II.). 

15 

Table 1 

500 ml a— MEM (GIBCO BRL, Gaithersburg, MD) 
10 % fetal calf serum (HyClone, Logan, Utah) 
lmM sodium pyruvate (Irvine, Santa Ana, CA.) 
20 0.29 mg/ml L-glutamine (Hazelton, Lenexa,KS.) 

The cells were allowed to attach and grow for 3 
days at 37°C in 5% co 2 . After the incubation period, 
suspension cells were removed by pipetting off spent 

25 medium and removing any non-adherent cells. The cells 
were incubated for approximately one week or until each 
clone had formed a sizable colony. Each colony was 
subcloned by harvesting the cells using Sigma NONENZYMATIC 
ASSOCIATION AGENT (Sigma, St. Louis, MO) and plated in 

30 duplicate culture dishes, one for maintaining the cell 
line, and the other for further characterization. one 
cell line, designated OC10A, was found to have 
characteristics of osteoclasts when cultured in conditions 
that promoted differentiation. 

35 



WO 96/07733 



PCT/US95/ 11484 



30 



B. Characterization of osteoclast phenotype by calcitonin 
binding assay 

The subcloned cells were plated at a density of 
5 x 10 4 cells/well on an 8 -chamber slide (Nunc, 
5 Naperville, IL) and allowed to grow for 1 week to 10 days 
at 37#C and 5% CO2 in 500 nl of growth medium with 10~ 8 M 
la, 25-dihydroxycholecaliferol and 10" 7 M dexamethasone 
added to promote differentiation* The medium was removed, 
and the cells were washed in PBS. Three hundred 

10 microliters of binding medium (RPMI (Fred Hutchinson 
Cancer Research Center, Seattle, WA) and 0.1% BSA) was 
added to each well. Three hundred microliters of binding 
medium containing 0.2 nM radiolabeled 125 j salmon 
calcitonin with a specific activity of approximately 1000 

15 Ci/mmole (Peninsula, Belmont, CA) were added to half the 
wells, and 300 |al of binding medium containing 0.2 nM 125 i 
salmon calcitonin and 1 |iM unlabeled salmon calcitonin 
were added to the remaining wells. The slides were 
incubated for 1.5 hours at room temperature, then rinsed 3 

20 times with PBS to remove unincorporated radioactivity. 
The slides were immediately prepared for TRAP staining. 

C. Characterization of osteoclast phenotype by TRAP 
staining. 

25 Osteoclasts express an acid phospatase that is 

tartrate resistant (TRAP) . TRAP staining detects cells 
that are tartrate resistant by formation of an insoluble 
red stain. Slides that had been treated for calcitonin 
receptor analysis (example IB) were fixed by adding 100 11 

30 of a solution containing 2.5% glu tar aldehyde and 3.5% 
formaldehyde in PBS for 10 minutes. After the 

glutaraldehyde/ formaldehyde solution was removed, 100 til 
of a 1:1 acetone /ethanol solution was added for 1 minute. 
An Acid Phosphatase, Leukocyte kit (Sigma, St. Louis, MO) 

35 was used to prepare a substrate solution containing 45 ml 
of deionized water at 37°C, 1.0 ml of Diazotized Fast 
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Garnet GBC solution (0.5 ml Fast Garnet GBC Base solution 
and 0.5 ml sodium nitrite solution), 0.5 ml Naphthol AS-BI 
Phosphate solution, 2.0 ml Acetate solution and l.o ml 
tartrate solution according to the manufacturer's 
5 specifications. Approximately 100 nl of the substrate 
solution was added to each well. The plates were 
incubated at 37°c for 30-60 minutes. The stain was removed 
and the plates were washed gently with tap water. The 
slides were examined microscopically for TRAP positive 

10 cells. After examination the slides were dipped in Kodak 
NTB3 emulsion (Kodak, Rochester, NY) and allowed to air 
dry. The slides were placed at 4°c for 12 days in the dark 
and developed in Kodak D19 developer (Kodak). After being 
developed, the slides were fixed in RAPID FIX (Kodak) for 

15 5 minutes. A differentiated subpopulation of clone OC-10 
was found to express the calcitonin receptor and tartrate- 
resistant acid phosphatase. 

D. NSE Staining for Identification of Monocyte /Macrophage 
20 Lineage 

The NSE assay uses specific esterase substrates 
in defined reaction conditions to distinguish granulocytes 
from monocytes. Cells of the monocyte lineage include 
macrophages and osteoclasts. Bone marrow cultures are 

25 incubated with alpha-naphthlyl acetate in the presence of 
a stable diazonium salt. Enzymatic hydrolysis of ester 
linkages liberates free napthol compounds. The napthol 
compounds couple with the diazonium salt, forming highly 
colored deposits at the sites of enzyme activity. 

30 Cells were plated at 5 x 10« cells/well on an 8- 

chamber slide (Nunc). The cells were affixed to the 
slides in Citrate-Acetone-Methanol Fixative for 1 minute 
at room temperature. The fixative was prepared using 18 
ml of citrate dilute solution (0.3B3 M citrate buffer pH 

35 5.4 diluted l part citrate buffer to 9 parts deionized 
water pH 5.4), 27 ml ACS grand acetone and 5 ml methanol. 
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After fixation, the slides were washed thoroughly in 
deionized water and air dried for at least 20 minutes* A 
capsule of FAST BLUE RR SALT (Sigma, St. Louis, HO) was 
added to 50 ml of TRIZMAL 7.6 Dilute Buffer Solution 
5 (Sigma) in a Cop 1 in jar. One part TRIZMAL 7.6 buffer 
concentrate is diluted with 9 parts deionized water to 
make the dilute solution. When the salt was dissolved, 2 
ml of alpha-Naphthyl Acetate solution (Sigma) was added 
and stirred for 15*20 seconds. Specimen slides were added 

10 to the jar and incubated for 30 minutes at 37°C. The 
slides were removed from the stain and washed for 3 
minutes in deionized water, air dried and examined 
microscopically. NSE positive cells were seen in OC10A 
cultures, with and without the addition of la, 25- 

15 dihydroxycholecalciferol, indicating the presence of cells 
of the monocytic lineage. 

E. Identification of the Mac-1 Antigen 

Mac-1 is a cell surface antigen expressed by 

20 monocytes, granulocytes and macrophages, but not by mature 
osteoclasts. Mac-l positive cells were identified by 
using a rat monoclonal antibody to Mac-l (Boehringer 
Mannheim, Indianapolis, ID). 

Cells were prepared on 8 chamber slides as 

25 discussed in the previous examples. The wells were rinsed 
in PBS with 1 mg/ ml BSA added and fixed in Z FIX (Ana tech 
Ltd., Battle Creek, MI) for 10 minutes. After fixing the 
wells were rinsed in PBS /BSA solution. The chambers were 
removed, retaining the gaskets on the slides. The anti- 

30 Mac-1 antibody was diluted 1:20 in the PBS/BSA solution, 
and 25 Ml/well of the antibody solution was added to each 
well and incubated for 45 minutes at room temperature. 
After incubation, the wells were rinsed three times in the 
PBS/BSA solution. Twenty-five microliters of goat FITC- 

35 Anti-rat IgG (Boehringer Mannheim) diluted 1:50 in PBS/BSA 
solution was added to each well and incubated for 45 
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minutes at room temperature in the dark. The wells were 
rinsed three times in PBS/BSA solution and a final rinse 
in water was done. The gaskets were removed and a 
coverslip was mounted on the slide using mounting solution 
5 prepared using 9 parts of 2% 1,4 diazobicyclo (2,2,2)- 
octane in glycerol (Sigma, St. Louis, MO) that was 
dissolved at 70°C and 1 part 0.2 M Tris-HCL and 0.02% NaN 3 
(pH 7.5) to prevent fading. Cultures of OC10A that had 
been treated with 10"8 m lct,25-dihydroxycholecalciferol 
10 and 10~ 7 M dexamethasone were found contain Mac-l positive 
cells. 

F. Characterization of Bone Resorptive Activity 

Bovine cortical bone wafers were cut on a 
15 Buehler 11-1180 isomet low speed saw (Buehler, Lake Bluff, 
1L) . The slices were measured and sterilized using 
ethanol and ultraviolet light exposure overnight. The 
wafer sizes varied between 0.1-0.19 mm The wafers were 
rinsed in PBS and stored hydra ted in growth medium at 37°C 
20 in 5% C0 2 . The wafers were placed in 8-chamber slides 
(Nunc) , and cells were plated on the wafers at a density 
of 5 x 10 4 cells/well. The medium was changed every four 
days. On day 10, the medium was changed to low pH a— MEM 
with 0.7 g/L NaHC0 3 , 10~8 M la, 25-dihydroxycholecalcif erol 
25 and 10-7 M dexamethasone added. On day 12 the medium was 
removed, trypsin/ EDTA solution was added overnight, and 
the wafers were sonicated to remove the cells from the 
wafers. The wafers were rinsed in PBS and stained with 1% 
Toluidine Blue and 1% sodium borate for 1 minute. The 
excess stain was removed by washing with PBS followed by 
water. The wafers were viewed under an inverted scope at 
10X magnification for quantitation of resorption pits 
using the Optimas Image Analysis program (Bioscan, 
Edmonds, WA) . Results of the microscopy demonstrate that 
35 OC10A cultures resorb bone. 
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Example II — Preparation of an Osteoblast Cell Line 
A. Harvesting cells from calavaria 

Calvaria were removed from three p53 knockout 
mice (see Example IA) and placed in a 10 cc petri dish 
5 with 5 to 10 mis of growth medium (Table 1) containing 15% 
fetal calf serum* The calvaria were rinsed once in growth 
media. After rinsing, calvaria were placed in a Falcon 
centrifuge tube (Becton Dickinson Labvare, Lincoln Park, 
NJ) and minced using scissors* The minced bone was spun 

10 in a Beckman TJ-6 centrifuge (Beckman Instruments) at 1000 
rpm for 10 minutes at room temperature. The bone was 
separated from the supernatant, and 3 ml of growth medium 
with 0.1% Type II collagenase (Sigma) was added to the 
minced bone pieces. The bone and collagenase mixture was 

15 incubated by shaking for 10 minutes at 37°C. After 
incubation, the supernatant was removed with a pipette, 
leaving bone pieces behind. The supernatant was placed in 
a 15 ml conical bottom Falcon centrifuge tube (Becton 
Dickinson Labware) , and 3 ml of fetal calf serum was added 

20 to stop the collagenase digestion. The mixture was 
centrifuged at 1000 rpm for 10 minutes. After 
centrifugation, the cells were resuspended in 3 ml of 
growth medium with 15% fetal calf serum added to the 
medium. The collagenase digestion of the calvarial bone 

25 pieces was repeated five times, separating the supernatant 
from the bone pieces after each digestion. The bone 
pieces were washed five times in 15 ml of phosphate 
buffered saline (PBS) with 0.133 g/1 calcium chloride-2H 2 0 
and 0.1 g/1 magnesium chloride-6 H2O and then placed in 

30 growth medium with 15% fetal calf serum. Cultures 
containing cells from the serial digestions and bone 
pieces were placed at 37°C and 5% C0 2 in growth medium. 
The cells were seen to crawl from the bone pieces after 
approximately 2-4 days. 
35 The cells were replated at a clonal density of 1 

cell/well in a 96-well petri dish containing growth 
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one 



10 



35 



medium. Single colonies were replica plated, with 
replicate petri dish of the colony maintained as a cell 
line and the other used for characterization. 
Characterization included testing for the presence of 
alkaline phosphatase, Von Kossa staining (to visualize in 
vitro and in vivo mineralization). Alizarin Red s staining 
(to visualize in vitro mineralization), Goldner staining 
(to visualize in vivo mineralization), PTH induction of 
cAMP and osteocalcin expression. 



B. Expression of Alkaline Phosphatase 

Expression of alkaline phosphatase as a marker 
of osteoblast phenotype was assayed using a diagnostic kit 
(Sigma, St. Louis, MO) according to manufacturer's 

15 specifications. Briefly, cells are affixed with a 
citrate/acetone/formaldehyde fixative (Sigma) to slides 
and then incubated in a solution containing naphthol AS-MX 
phosphate. m the presence of phosphatase activity, 
naphthol AS-MX is liberated and immediately coupled with a 

20 diazonium salt, forming an insoluble, visible pigment at 
the sites of phosphatase activity. Three cell lines, 
designated 2-29, 2-45 and CCC-4 stained positive for 
alkaline phosphatase stain red. 

25 C. cAMP induction by PTH 

The ability of PTH to induce cAMP production in 
cell lines 2-29, 2-45 and CCC-4 was measured using a 
Scintillation Proximity Assay kit (Amershaa, Arlington 
Heights, IL) according to the manufacturer's 
30 specifications. Briefly, i x 10* cells/well were plated 
into the wells of a 24-well plate (American Scientific 
Products, Chicago, II.) and grown for 2 days in selection 
medium. PTH and forskolin were prepared in a— MEM, 10% 
fetal calf serum and 10 uM IBMX. 

The growth medium was replaced with 200 11/well 
of growth medium containing agonist, either PTH (bovine 
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fragment 1-34, Sigma) or forskolin. The cells were 
incubated with the agonists for 10 minutes at 37°C in 5% 
co 2 . Following incubation, 800 11 of boiling water was 
added to each well. After 15 minutes the supernatants 
5 were collected and diluted 1:5 or 1:40 in acetate buffer 
(cAMP [ 125 I] Scintillation Proximity Assay System 
(Amersham) ) . Samples were acetylated using triethylamine 
and acetic anhydride according to the protocol provided by 
the manufacturer. 

10 A 100 11 aliquot of each acetylated sample was 

combined with 75 nl of 125 I-cAMP, 75 nl anti-succinyl cAMP 
antisera and 75 \il of donkey anti-rabbit IgG coupled SPA 
beads (all assay solutions provided in the cAMP [ 125 I] 
Scintillation Proximity Assay System (Amersham) ) in a well 

15 of a Dynatech MICRO LITE 2 plate. The trays were sealed 
and incubated overnight with continuous shaking on a 
rotary platform shaker at 200 rpm. The samples were 
counted in a Packard Top Count Microplate Scintillation 
Counter (Packard Instrument Co., Meriden, CT) . A standard 

20 curve of 2-128 fmol acetylated cAMP was also run. Total 
125 I-cAMP bound and nonspecific binding was also 
determined . 



2-29 
2-45 
CCC-4 



-PTH 
54 
45 
34 



+PTH 
1155 
>8000 
1280 



22-fold 

>176-fold 

37-fold 



25 The results clearly demonstrate that PTH induced 

cAMP production in cell lines 2-29, 2-45 and CCC-4. 

D. Characterization of Bone Mineralization 

Mineralization was induced by the addition of 10 
30 mM b-glycerophosphate and 50 \ig/ml ascorbic acid to the 
culture medium. Cells were grown in the supplemented 
medium for 1-3 weeks. The medium was removed from the 
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cells, and the petri dish was rinsed in PBS. Cells were 
fixed with Z-FIX (Anatech Ltd.)- After fixing, the cells 
were rinsed three times with distilled water. A solution 
of five grams of silver nitrate in 100 ml of water was 
5 added to the cells at 1 ml/well and placed in the dark for 
5 minutes. After incubation, the cells were rinsed three 
times in distilled water. A solution of 5 g of sodium 
carbonate, 75 ml distilled water and 2 5 ml of 38% 
formaldehyde was added to each well at 1 ml/well for l 

10 minute. The cells were rinsed 2-3 minutes with tap water. 
Farmer's Reducer (0.2 ml of 10% sodium thiosulphate, 1.0 
ml of 0.1 g/ml potassium f erricyanide, 20 ml of water) was 
added at 1 ml/well for 1 minute. The cells were rinsed 10 
minutes with tap water. Cells were scored visually for 

15 silver staining. 

Alizarin Red S staining was done by rinsing 
cells with PBS and fixing the cells with 2— FIX for 10 
minutes. The cells were rinsed several times in distilled 
water. Alizarin Red S stain (Sigma) was prepared at a 

20 concentration of 0.2 gr/10 ml PBS and used to stain cells 
in the culture dishes for 5 minutes. The excess stain was 
removed by rinsing with distilled water. 

The ability of cells to mineralize bone in vivo 
was measured by placing diffusion chambers in mice. 

25 Diffusion chambers (Millipore, Bedford, MA) were filled 
with approximately 5 x 10 6 cells/130 nl PBS/chamber. 
Swiss-webster mice (B&K Universal, Seattle, WA) were 
anesthetized with ketamine and xylazine. Chambers were 
surgically implanted intraperitoneally and closed using 

30 silk interrupted sutures. Skin clips were used to close 
the skin layer. After 9 weeks mice were sacrificed, 
diffusion chambers were fixed, processed and embedded in 
plastic, and histology was performed to measure bone 
mineralization by Von Kossa staining as described above 

35 and Goldner's trichrome stain. 
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The diffusion chamber samples were prepared by 
fixing the chambers in 10% neutral buffered formalin 
(Ana tech) for 24 hours at 4°C. The chambers were processed 
in a BIP 2000 Automatic Tissue Processor (Miles 
5 Scientific, Elkhardt, IN) . The processed chambers were 
infiltrated at 4°C with a first solution of 15 mis of 70% 
methyl me tha cry late, 30% n-butyl methacrylate in a 
scintillation vial placed on an orbital shaker* The 
chambers were embedded by placing the vials at 4°C and 

10 covered in a solution containing 70% methyl methacrylate , 
30% n-butyl methacrylate, 1:20 volume methanol, 3% benzoyl 
peroxide and 1:600 volume n,n-dimethylaniline and placed 
under vacuum in a glass dessicator. The process was 
repeated for a second embedding. 

15 The embedded slides were sectioned on a 

Reichert-Jung Autocut microtome, and 5 jim sections were 
mounted on glass slides. The slides were stained using 
Von Kossa stain and Goldner's trichrome stain. Sections 
were placed in Mayer's hematoxylin (Sigma) for 1 hour and 

20 rinsed in tap water for 1 minute. The sections were 
covered with 0.25% ammonium hydroxide in water for 45 
seconds and rinsed in tap water for 1 minute. The 
sections were covered with Ponceau/acid fuchsin (prepared 
using 0.13 g of Ponceau de Xylidine (Sigma), 0.03 g of 

25 acid fuchsin, 0.2 ml of glacial acetic acid and 100 ml of 
distilled water) for 10 minutes, transferred to 1% glacial 
acetic acid for two rinses, and rinsed once in 0.5% 
glacial acetic acid* The sections were transferred to 
phosphomolybdic acid/orange (prepared using 5 g of 

30 phosphomolybdic acid, 100 ml of distilled water and 2 g of 
orange G) for 10 minutes, and rinsed twice with 1% glacial 
acetic acid and once in 0.5% glacial acetic acid. 
Sections were placed in light green stain (prepared using 
0.3 g of light green stain (Sigma), 0.2 ml of glacial 

35 acetic acid and 100 ml of distilled water) for 10 minutes. 
Sections were rinsed twice in 1% glacial acetic acid, 
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followed by rinses in 70% ethanol and 95% ethanol. The 
sections were transferred twice into absolute ethanol for 
2 minutes, and then transferred three times into xylene 
for 2 minutes. 

The cell lines designated 2-29, 2-45 and CCC-4 
all showed detectable mineralization in vitro 5-8 days 
after the addition of b-glycerophosphate and ascorbic 
acid. In vivo mineralization was demonstrated for all 
three cell lines six weeks after implantation of the 
diffusion chambers. 

D. Expression of Osteocalcin 

Osteocalcin expression was measured using a 
radioimmune assay kit from Biomedical Technologies, Inc 
(Stoughton, MA) according to the manufacturer's 
specifications. Briefly, media samples were collected 
from cell li„ es and prepared either undiluted or diluted 
1:5. 125! osteocalcin is added, followed by goat anti- 
mouse osteocalcin. The complex was precipitated using 
donkey anti-goat antibodies and. centrifuged. The 
radioactivity in the resulting pellet was measured on a 
gamma counter, and osteocalcin secretion was calculated as 
the ng of osteocalcin present in the medium per well. 

osteocalcin (ng/well) 
cell line -^-glycerophosphate +P-glycerophosphate 

and ascorbic acid and ascorbic acid 
2 ' 29 58 loso 

2-45 114 17?5 

CCC - 4 306 4800 

Results clearly demonstrate that in the presence 
of p-glycerophosphate and asorbic acid, osteocalcin was 
secreted in cell lines 2-29, 2-45 and CCC-4. 
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Example III — Preparation of Dendritic Cells 

The isolated cell line designated JAWS II, and 
deposited at the American Type Culture Collection (12301 
5 Parklavn Drive, Rockville, MD) , was identified as a 
monocytic lineage cell expressing dendritic cell phenotype 
according to the following methods: 

A. Mac-1 Antigen 

10 Cells were prepared as described in Example I E 

for assay of the JAWS II cells for the presence of a rat 
monoclonal antibody to Mac-l on the cell surface. Results 
showed that cultures of JAWS II expressed Mac-l on their 
cell surface. 

15 

B. Calcitonin binding assay 

The JAWS II cell line was assayed for the 
presence of the calcitonin receptor by preparing the JAWS 
II cells as described in Example I B. The slides were 
20 immediately prepared for TRAP staining, as described 
previously. 

C. TRAP staining 

Expression of a tartrate resistant form of acid 
25 phosphatase (TRAP) on dendritic cells was assayed. Slides 
that had been treated for calcitonin receptor analysis 
(Example III B) were prepared as described in Example I C. 
An analyzed subpopulation of the JAWS II cell line did not 
express the calcitonin receptor, and was positive for 
30 expression of tartrate-resistant acid phosphatase. 

D. NSE Staining for Identification of 
Monocyte /Macrophage Lineage 

The Nonspecific Esterase (NSE) assay uses 
35 specific esterase substrates in defined reaction 
conditions to distinguish granulocytes from monocytes. 
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Dendritic cells come from the monocyte lineage. Cells 
were prepared as described in Example I D. NSE positive 
cells were seen in JAWS II cultures, with and without the 
addition of la, 25-dihydroxycholecalcif erol, indicating 
5 the presence of cells of the monocytic lineage. 

E. Characterization of Bone Resorptive Activity 

Bovine cortical bone wafers were prepared as 
described in Example I P. The wafers were viewed under an 
10 inverted scope at 10X magnification for quantitation of 
resorption pits using the Optimas Image Analysis program 
(Bioscan, Edmonds, WA) . Results of the microscopy 

demonstrate that JAWS II cultures did not resorb bone. 

15 F. FACScan Analysis of the Cell Surface 

Analyses of the cell surface proteins of JAWS II 
was made using FACScan (Becton Dickinson) using LYSYS II 
or cell Quest software (Becton Dickinson) according the 
manufacturer 1 s specifications . 

20 Approximately 10 6 cells were incubated at 4°C for 

15-2 0 minutes in BSS-BSA (Hank's buffered salts solution 
which contains 0.0345% sodium bicarbonate, 5 mM HEPES, 1% 
bovine serum albumin) containing primary antibody. The 
primary antibody solution was removed, and the cells were 

25 washed with BSS-BSA and resuspended in phosphate-buffered 
saline (PBS) . If the primary antibody was not conjugated 
with a fluorochrome, then the washed cells were similarly 
incubated at 4°C with a f luorochrome-conjugated secondary 
antibody before washing and resuspension in PBS. 

30 The results, shown in Table 1, demonstrate that 

JAWS II has cell-surface markers associated with the 
phenotype of an immature dendritic cell, and when induced 
(as described in Example VIII) with combinations IFN-y, 
TNF-a and IL-4 , the cells exhibit markers associated with 

35 activated dendritic cells. The splenic dendritic cells 
are from C57B1/6 mice (Jackson Labs) and were isolated (as 
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activated dendritic cells) using preferential adherence 
and detachment to plastic, as described by Swiggard et al. 
fCurr. Protocols Immunol, 3 • 7 ♦ 1-3. 7. 11, 1992). 

5 Table 1 





Surface proteins/antigens 


(mAb) 


JAWS II 


Splenic DC* 
(B6 mice) 


1 


MHC class I 


EH144.13 


High 


High 


2 


MHC class II 


AF6-120.1 


negative/low 


High 


3 


MHC Class ll+IFN-gamma 




High 


NT 


4 


B7-1/BB1 (CD80) 


1G10 


negative/low/ 
intermed. 


negative/low/ 
Intermed. 


5 


B7-1/BB1+IFN-gamma 




Decreased 


NT 


6 


B7-2 (CD86) 


GL1 


negative/low/ 
intermed. 


low/intermed. 


•7 


o/-**ini>Hgai7irna/ 1 iNr -aipnauiL."-** 




If II^O«3UnJU 

(low/intermed.) 


KIT 


8 


ICAM-1 (CD54) 


3E2 


Intermed. 


High 


9 


ICAVM+IFN-samma/TNF-alpha/IL-4 




High 


NT 


10 


DC-205 


NLDC-145 


Intermed. 


negative/low/ 
intermed. 


11 








(Intermed./ 
high in 
BALB/c DC) 


12 


Mac-1 (CD11b) 


M1/70- 


High 


negative/low 


13 


Fogamma-RII/lll receptor 


2.4G2 


High 


negative/low 


14 


F4/80 


F4/80 


High 


Low 


15 


F4/80+IL-4 




Decreased 
somewhat 


NT 


16 


Pgp-1 (CD44) 


IM7 


High 


High 


17 


HSA (Heat Stable Antigen; CD24) 


M1/69 


High 


High 


18 


B220 (B cell antigen) 


RA3-6B2 


negative 


negative 


19 


Thy1 (T cell antigen) 


TS 


negative 


negative 


20 


CD4 (T cell antigen) 


RM4-5 


negative 


negative 


21 


CD8 (T cell antigen) 


53-6.7 


negative 


negative 


22 


Plastic adherence 




Low 


Low 


23 


Stimulation of allo-MLR 




Low 


Very High 


24 


alk>-MU%+lFN-gamma/TNF-alpha/1L-4 




High 


NT 



NT^not tested 



G. Mixed Lymphocyte Reaction (MLR) 

10 i* Preparation of stimulator cells (dendritic cells) 

JAWS II cells were grown to high density (1-2 x 
10 6 cells/ml) in a— MEM (Minimal Essential Medium, alpha- 
modification, containing 10% fetal bovine serum (FBS) , 1 
mM sodium pyruvate, 4 mM glutamine) + 5 ng/ml murine GM- 

15 CSF. Additional cytokines used to activate th cells 
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included interferon-y (100 U/ml), tumor necrosis factor-a 
(10 ng/ml), and inter leukin-4 (10 ng/ml) . The culture 
supernatant containing the nonadherent cells was pooled 
with adherent cells removed by washing with Versene and 
the cells were resuspended at 3 x lo5 cells/ml in RPMI- 
1640 medium (containing 10% FBS, io mM HEPES , 4 mM 
glutamine, 5.7 x 10~5 M 2-mercaptoethanol, 50 ng/ml 
gentamycin, 100 U/ml penicillin, 100 fig/ml streptomycin) . 

Splenic dendritic cells were isolated by the 
method of Swiggard et al. fCurr. Pi-o+ ocols Tm m „n„i 3.7.1- 
3.7.11, 1992) from spleens of C57B1/6 and BALB/c mice. 
Briefly, single cell suspensions of spleen cells were 
generated by digestion with collagenase and a low density 
fractionation. The low density fraction was obtained by 
centrifugation of the cells through a low density solution 
(refractive index of approximately 1.364) of bovine serum 
albumin (BSA) in phosphate-buffered saline (PBS) onto a 
high density cushion (refractive index of approximately 
1.385) of BSA in PBS and contained primarily dendritic 
cells, macrophages, and some B cells. Cells were 
resuspended at 37°c in RPMI medium at 1 x 10? cells/ml and 
4 ml of the suspension was plated per 60 mm tissue culture 
plate. After a 90 minute incubation at 37°c, nonadherent 
cells were gently removed, adherent cells were washed with 
RPMI, and incubated in RPMI for an additional 30-60 min. 
Nonadherent cells were again removed and adherent cells 
gently washed with RPMI and incubated in RPMI for 12-20 
hours at 37»C. Splenic dendritic cells detached during the 
final incubation and were isolated as nonadherent cells. 
The nonadherent splenic dendritic cells were resuspended 
in RPMI at 3 x 10 5 cells/ml. 

JAWS II and splenic dendritic stimulator cells 
were irradiated for 40 minutes in a 137 Cs irra diator 
(Gammacell 40, Nordion International Inc., Kanata, 
Ontario, Canada) at 550 rads/min before use in the MLR. 
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ii. Preparation of responder cells (T cells) 

Spleens and lymph nodes were removed from 
C57B1/6 or BALB/c mice (Jackson Labs, Bar Harbor, ME) . 
Spleen cell suspensions in BSS-BSA buffer were made by 
5 mechanical disruption of the spleen between glass slides* 
Red blood cells were lysed by resuspending the spleen cell 
pellet in 0.9 ml dH2<> followed quickly by addition of 0.1 
ml 10X HBSS. Lymph node cell suspensions in BSS were made 
by teasing the nodes with sterile forceps and were pooled 

10 with the autologous spleen cell suspension and filtered 
through nylon cloth filters to remove debris. 

The single cell suspension of spleen and lymph 
node cells was loaded onto a nylon wool column pre- 
equilibrated at 37°C with BSS + 5% FBS . After incubation 

15 at 37°C for 45 minutes, the T cells were eluted with 37°C 
BSS + 5% FBS (12 ml per 1.5 g nylon wool column loaded 
with approximately 1.5 x 10 s total spleen + lymph node 
cells) . The T cells (usually 80-90% pure) were 

resuspended in RPMI at 3 x 10 6 cells/ml. 

0 

iii. Incubation conditions for MLR 

3 x 10 5 responder cells per well (96-well plate) 
were mixed in duplicate with increasing numbers of 
irradiated stimulator cells (usually 3 x 10 3 , 1 x 10 4 , 3 x 

25 10 4 cells) in a final volume of 200 pi. Controls 
included responder cells alone and stimulator cells alone. 
A syngeneic MLR includes responder and stimulator cells 
from the same mouse strain (e.g., C57B1/6 or BALB/c) , 
whereas an allogeneic MLR has stimulator cells incubated 

30 with responder cells from a different strain (e.g., 
C57B1/6 or JAWS II stimulator cells with BALB/c responder 
cells) . The MLR cultures were incubated at 37°C for 
approximately 72-76 hours before addition of l pCi/well 
3 H- thymidine to assay proliferation of responder cells. 

35 Cultures were harvested 16-20 hours later with a Skatron 
cell harvester (Skatron, Sterling, VA) , and the 
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incorporated 3 H-thymidine was determined with a Wallac 
Betaplate liquid scintillation counter (Pharmacia) . 

The results, illustrated in the Figure, 
demonstrate that when JAWS II cells are induced with a 
5 combination of factors they will stimulate allogeneic T 
cells to proliferate. The degree of stimulation is 
dependent upon the factors used to induce activation of 
the cell line. The Figure shows that stimulation of 
allogeneic T cells is highest when JAWS II is induced with 
10 TNF-a, IFN-y, GM-CSF and IL-4 . In addition, the JAWS II 
cel1 line not stimulate proliferation in syngeneic T 

cells. 

Although the foregoing invention has been 
described in some detail by way of illustration and 
15 example for purposes of clarity and understanding, it will 
be obvious that certain changes and modifications may be 
practiced within the scope of the appended claims. 
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Claim? 

We claim: 

1* A method for preparing immortalized cells 
comprising the steps of: 

culturing a tissue from a growth suppressor gene 
deficient animal in a medium; 

isolating component cells from the cultured tissue; 

assaying at least a portion of the isolated cells 
for expression of a set of differentiation markers 
characteristic of a cell-type of interest to identify a 
subset of said isolated cells, wherein said set of 
differentiation markers is not expressed by fibroblast cells; 
and 

selectively culturing cells of said subset of cells 
to identify an immortalized cell population. 

2. The method of claim 1, wherein said portion of 
the isolated cells is stimulated to differentiate prior to 
the step of assaying. 

3. The method according to claim 2, wherein the 
tissue is bone marrow. 

4* The method of claim 3, wherein the cells of 
said subset are osteoclast precursors or osteoblast 
precursors . 

5. The method according to claim 2, wherein the 
tissue is calvarial bone. 

6. The method of claim 5, wherein the cells of 
said subset are osteoblast precursors. 
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7. The method according to claim 2, wherein the 
animal is a p53 growth suppressor gene deficient mouse, the 
tissue is calvarial bone and the cells of said subset are 
osteoblast precursors. 

8. The method according to claim 1 wherein the 
animal is a p53 growth suppressor gene deficient animal. 

9. The method according to claim 8, wherein the 
animal is a p53 growth suppressor gene deficient mouse. 

10. The method according to claim l, wherein the 
tissue is bone marrow. 

11. A method according to claim io, wherein the 
cells of said subset are osteoclast precursors or osteoblast 
precursors. 

12. The method according to claim l, wherein the 
tissue is calvarial bone. 

13. The method according to claim 12 , wherein the 
cells of said subset are osteoblast precursors. 

14. The method according to claim l, wherein the 
animal is a p53 growth suppressor gene deficient mouse, the 
tissue is bone marrow and the cells of said subset are 
osteoclast precursors or osteoblast precursors. 

15. The method according to claim 1, wherein the 
set of differentiation markers is selected from the group 
consisting of tartrate resistant acid phosphatase (TRAP) and 
calcitonin receptor; alkaline phosphatase (ALP), osteocalcin 
and parathyroid hormone (PTH) receptor; cardiac myosin 



f 
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isozyme and cardiac specific creatine kinase isozyme; myosin 
isozyme and muscle specific creatine kinase isozyme; aggrecan 
and collagen Type IIB; mpl receptor and acetyl choline 
esterase; insulin; glucagon and glucagon-like polypeptide; 
somatostatin; triglyceride and perilipin; Nonspecific 
Esterase (NSE) and Mac-1; and albumin, liver-specific 
glucokinase, liver-specific pyruvate kinase and liver isozyme 
of glycogen synthase. 

16. A method for preparing differentiated cells 
comprising the steps of: 

culturing a tissue from a growth suppressor gene 
deficient animal in a medium; 

isolating component cells from the cultured tissue; 

assaying at least a portion of the isolated cells 
for expression of a set of differentiation markers 
characteristic of a cell type of interest to identify a 
subset of said isolated cells, wherein said set of 
differentiation markers is not expressed by a fibroblast 
cells; 

selectively culturing cells of said subset of cells 
to identify an immortalized cell population; and 

stimulating cells of said immortalized population 
to differentiate. 

17. Cells prepared by the method of claim 1, 
wherein the cells of said subset are selected from the group 
consisting of osteoclast precursors, osteoblast precursors, 
cardiac muscle precursors, skeletal muscle precursors, 
chondrocyte precursors, megakaryocytes, pancreatic a-cell 
precursors, pancreatic p-cell precursors, adipocyte 
precursors, macrophage precursors and hepatocyte precursors. 
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18. Cells prepared by the method of claim 2, 
wherein the cells of said subset are selected from the group 
consisting of osteoclast precursors, osteoblast precursors, 
cardiac muscle precursors, skeletal muscle precursors, 
chondrocyte precursors, megakaryocytes, pancreatic a-cell 
precursors, pancreatic p-cell precursors, adipocyte 
precursors, macrophage precursors and hepatocyte precursors. 

19. Cells prepared by the method of claim 16, 
wherein the cells of said subset are selected from the group 
consisting of osteoclasts, osteoblasts, pancreatic a-cells, 
pancreatic p-cells, pancreatic 5-cells, adipocytes, 
macrophages, chondrocytes and hepatocytes. 

20. A dendritic cell, wherein said cell is 
deposited at the ATCC as JAWS II. 

21. The dendritic cell line of claim 20, wherein 
the cell line is induced to be an activated dendritic cell. 

22. The dendritic cell line of claim 21, wherein 
the cell line is induced using a factor selected from the 
group consisting of: 

(a) tumor necrosis f actor-a (TNF-a) ; 

(b) inter feron-y (IFN-y) ; 

(c) granulocyte macrophage colony-stimulating 
factor (GM-CSF) ; 

(d) interleukin-4 (IL-4) ; and 

(e) a combination of (a) , (b) , (c) or (d) . 

23. ) A method for assaying antigen-specific 
responder cell stimulation comprising: 

activating JAWS II dendritic cells; 
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exposing the activated JAWS II dendritic cells to 
an exogenous antigen, thereby producing antigen-presenting 
stimulator cells; 

combining the antigen-presenting stimulator cells 
with responder cells; and 

measuring activation of the responder cells. 

24. ) The method of claim 23, wherein the responder 
cells are naive or primed T lymphocytes. 

25. ) The method of claim 23, wherein the activation 
of the responder cells is determined by measuring responder 
cell proliferation. 

26. ) The method of claim 25, wherein proliferation 
of the antigen-presenting stimulator cells is inhibited prior 
to the step of combining with responder cells. 

27. ) The method of claim 26, wherein proliferation 
of the antigen-presenting stimulator cells is inhibited by 
exposure to y irradiation or to mitomycin C» 

28. ) A method for obtaining a dendritic cell that 
expresses a heterologous MHC class II protein at the cell 
surface comprising: 

transfecting JAWS II dendritic cells with a 
polynucleotide encoding a heterologous MHC class II protein; 
and 

selecting a subset of the dendritic cells that 
expresses the heterologous MHC class II protein at the cell 
surface, thereby forming selected MHC class II-specific 
dendritic cells. 
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29. ) The method of claim 28, further comprising, 
after the step of selecting, the step of: 

eliminating from the dendritic cell genome any 
region that encodes endogenous MHC class II molecules. 

30. ) The method of claim 28, further comprising, 
after the step of selecting, the step of: 

activating the selected MHC class II-specific 
dendritic cells. 

31. ) The method of claim 30 further comprising, 
before, during or after the step of activating, the step of: 

blocking endogenous MHC class II protein expressed 
by the selected MHC class II-specific dendritic cells. 

32. ) The method of claim 30 further comprising, 
after the step of activating, the steps of: 

exposing the selected MHC class II-specific 
dendritic cells to an exogenous antigen, thereby producing 
selected MHC class II-specific antigen-presenting stimulator 
cells; 

combining the selected MHC class II-specific 
antigen-presenting stimulator cells with responder cells; and 
measuring stimulation of the responder cells. 

33. ) The method of claim 32, wherein the responder 
cells are T lymphocytes* 

34. ) The method of claim 32, wherein the exogenous 
antigen is a self or non-self antigen that is involved in a T 
lymphocyte-mediated response. 

35. ) The method of claim 32, wherein the exogenous 
antigen is an autoantigen. 
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36*) The method of claim 32, wherein the exogenous 
antigen is glutamic acid decarboxylase (GAD) and the 
heterologous MHC class II protein is an MHC molecule 
associated with diabetes. 
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